The complete nucleotide sequences of the matrix protein (M) genes of parainfluenza virus types 4A and 4B (PIV-4A and -4B) were determined from cDNA of the mRNA, and found to be 1548 bases in length, exclusive of poly(A) sequences. The sequences contained a large open reading frame of 1146 nucleotides encoding 362 amino acids. A high degree of identity (96-1%) was observed between the amino acid sequences of PIV-4A and PIV-4B M. These M sequences were compared with those of 10 other paramyxoviruses and a phylogenetic tree was constructed.
Human parainfluenza virus type 4 (hPIV-4) is an important causative agent of upper respiratory tract infection in infants and adults. HPIV-4 has been subdivided into two serotypes, A and B. Although a large number of monoclonal antibodies (MAbs) directed against PIV-4A and -4B had been produced (Komada et al., 1989b) , information was limited until recently, when the structural polypeptides of hPIV-4A were described (Komada et al., 1989a) , and the nucleotide sequences of the nucleoprotein (NP) (Kondo et al., 1990a) , haemagglutinin-neuraminidase (HN) and phosphoprotein (P) (Kondo et al., 1990b) genes of hPIV-4A and -4B were determined.
Paramyxovirus matrix proteins (M) appear to play important roles in virion assembly, the establishment of persistent infection and viral pathogenesis. The antigenicity of hPIV-4A M differs significantly from that of hPIV-4B (Komada et al., 1989 b) . Furthermore, antigenic diversity was observed within the same serotype (Komada et al., 1989b) . In this study, the nucleotide sequences of the M genes of hPIV-4A and -4B were determined and compared with those of other paramyxovirus M genes.
HPIV-4A (Toshiba strain), hPIV-4B (68-333 strain), Vero cells, COS cells and primary monkey kidney (PMK) cells were used in this study. Virus propagation and purification of virus mRNA and nucleocapsid RNA The nucleotide sequence data in this paper have been submitted to the DDBJ, EMBL and GenBank nucleotide sequence databases and assigned the accession numbers DO1050 (hPIV-4A) and DO1051 (hPIV-4B).
were performed as reported previously (Kondo et al., 1990a, b) . The cDNA libraries derived from mRNA were constructed according to the method of Okayama & Berg (1982) , and genomic cDNA libraries were constructed from hPIV-4 NP RNA by the method of Gubler & Hoffmann 0983) using synthetic hexanucleotides as primers (Kondo et al., 1990a) . Sequencing was performed by the dideoxynucleotide chain termination method (Sanger et al., 1977) , using T7 DNA polymerase (United States Biochemical) and [~-35S] 
dATP (NEN).
The analysis of the sequence data was carried out using the SDC GENETYX program.
We constructed cDNA libraries for poly(A) + mRNA and genomic RNA obtained from hPIV-4A-or -4B-infected PMK cells. HPIV-4 M gene-specific clones were screened by colony hybridization using the inserted DNA from hPIV-4A or -4B P gene-specific cDNA clones (Kondo et al., 1990b) as probes. The M gene specificity of the cDNA clones was confirmed by immunofluorescent staining of COS cells transfected with plasmid (pDS-4aM2) with anti-hPIV-4A M MAbs (data not shown). The complete nucleotide sequences of the hPIV-4A and -4B M genes, and the deduced amino acid sequences are shown in Fig. 1 . The M mRNA cDNAs were found to be 1548 bases in length, exclusive of poly(A) sequences. The first AUG codon was found 31 bases form the 5' end, the flanking sequences of which were favourable for it to be the actual translation initiation site (Kozak, 1986) ; the termination codon, UAA, was located at nucleotides 1178 to 1180. Thus the sequences contained a large open reading frame of 1146 nucleotides encoding a polypeptide of 382 amino acids 0001-0300 © 1991 SGM Kimura (1983) .
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with a predicted Mr of 43134 (hPIV-4A) or 43026 (hPIV-4B). This calculated Mr agreed with that estimated (40K) by SDS-PAGE (Komada et al., 1989a) .
Nucleotide sequence identity in the coding region, 5' non-coding region, 3' non-coding region and overall was 90.9, 83.9, 75.5 and 87.1~, respectively. In the coding region, there were 104 nucleotide changes, only 19 of which altered the encoded amino acid residue.
The net charge of hPIV-4 M, calculated for simplicity as Lys, + 1, Arg, + 1, His, -t-0.5, Asp, -1 and Glu, -1, was + 22.5 at neutral pH. A relative abundance (47-9~, hPIV-4A and 48.4~, hPIV-4B) of hydrophobic residues (Gly, Ala, Val, Leu, lie, Met, Phe, Try and Pro) was found in M. These results indicate that hPIV-4 M is highly positively charged and is a hydrophobic protein.
A high degree of identity was observed between the deduced hPIV-4A and -4B M amino acid sequences (96-1Y/o overall; Fig. 1 ). This degree of identity was greater than the immunological relatedness determined using MAbs (70~o cross-reactivity; Komada et al., 1989b) . The predicted secondary structures (ChouFasman) were almost identical except for those at the C termini (data not shown).
Dot-matrix comparisons of the amino acid sequence of M of different paramyxoviruses were performed. HPIV-4 showed the greatest similarity with mumps virus (MuV) (Elliott et al., 1989) , moderate similarity with PIV-2 and simian virus 5 (SV5) (Sheshberadaran & Lamb, 1990) , and little similarity with rinderpest virus (RPV) (Limo & Yilma, 1990) and Sendai virus (Blumberg et al., 1990 ) (data not shown). For further analysis the predicted amino acid sequence of hPIV-4 M was aligned with those of 10 other paramyxoviruses (Fig. 2 ) and the degree of similarity was calculated (Table 1 ). The number of amino acid substitutions was then calculated from the proportion of different amino acids in the sequences using the formula of Kimura (1983) . Subsequently a phylogenetic tree was constructed using the unweighted pairwise grouping (UPG) method (Fig. 3) . From this analysis of the similarities of the Ms, paramyxoviruses were divided into two groups; one group consisted of hPIV-4A, -4B and -2, and MuV, the other of Sendai virus (PIV-1), hPIV-3 and bovine PIV-3 (bPIV-3). This grouping was consistent with our previous studies (Ito et al., 1987; Kawano et al., 1990; Kondo et al., 1990b; Bando et al., 1990) ; morbilliviruses clearly belonged to the latter group.
Fourteen amino acids were conserved in all the paramyxovirus Ms compared, but there was no homologous region. Furthermore, the Ms of hPIV-4A and -4B contained 10 cysteines, none of which was conserved in all the viruses examined, but five were conserved in hPIV-4 and -2, and MuV, indicating that similar structures were, to a certain extent, conserved in the same group. (Fig. 2) we estimated the number of amino acid substitutions for each pair (Table 1 ) and constructed a phylogenetic tree for the 12 paramyxoviruses using the UPG method (Kimura, 1983) .
The identity between the amino acid sequences of the Ms of hPIV-4A and -4B was found to be 96.1 ~, which is greater than that (93-6~o) between hPIV-3 and bPIV-3 (Galinski et al., 1987 ; Sakai et al., 1987) , and lower than that (99-5~) between different strains of MuV (Tanabayashi et al., 1990) . These data support the subdivision of hPIV-4 into subtypes A and B.
In a previous study (Komada et al., 1989b) , a large number of MAbs against hPIV-4 were isolated and characterized. Nineteen MAbs against hPIV-4A M show only 57~ cross-reactivity with hPIV-4B and 88~ with other strains of hPIV-4A. This immunological cross-reactivity between hPIV-4A and -4B Ms is inconsistent with the identity between the primary amino acid sequences of M of hPIV-4. Although the identity (93 ~) between the amino acid sequences of NPs of hPIV-4 strains was lower than that for M, 12 of 14 MAbs against hPIV-4A NP showed cross-reactivity with four strains of hPIV-4B, and 13 MAbs against hPIV-4B NP reacted with four strains of hPIV-4A. This discrepancy could be explained in part by experimental results showing that the antigenicity of NP is dependent on the primary amino acid sequence, whereas the antigenicity of M is determined by the tertiary structure. All 14 antihPIV-4A NP MAbs reacted with the polypeptide in a Western blot assay, suggesting that anti-NP MAbs recognize continuous sequences of the polypeptide (unpublished data). By contrast, only two of the 19 MAbs against hPIV-4A M react in Western blots (unpublished data). These findings show that the tertiary structure of M may play an important role in its antigenicity and function.
The intergenic regions between the P and M genes of hPIV-4A and -4B are eight nucleotides long, the 
